Searches for Higgs boson at the LHC have excluded standard model (SM) Higgs boson mass in the range between 127 GeV to 600 GeV. With a fourth generation, the excluded range is wider. To close the windows between 114 GeV to 127 GeV, the mode H → γγ plays an important role. There are evidences that the Higgs boson mass is about 126 GeV from LHC data. H → γγ can occur at one loop level in the SM. In the SM with three generations (SM3), the dominant contribution is from W boson with some cancellation from top quark in the loop. With SM4, the large mass of the fourth generation quarks and charged lepton cancel the W boson contribution significantly, the decay width is suppressed by a factorin the range of 0.25 ∼ 0.55 for the fourth generation mass in the range of 500 to 1000 GeV. This reduction factor makes σ(pp → HX)Br(H → γγ) for SM4 comparable to that for SM3 for Higgs boson mass in the window allowed mentioned earlier. Using H → γγ alone, therefore, it is difficult at present to distinguish whether the Higgs boson is from SM3 or SM4. We also comments on some other detection channels.
are for contributions from spin-1/2 and spin 1 particles in the loop, respectively. The function f (τ ) is defined by
The parameter τ i is defined by τ i = M 2 H /4M 2 i with i = f, W the corresponding heavy fermions and W boson. The QCD corrections of the quark contribution to the two-photon Higgs decay amplitude can be parameterized as
In principle, the scale in α s is, typically, taken to be of order M H . Two-loop corrections in the on-shell renormalization scheme for C H (τ Q ) show that this correction is about 5% [7] . The electroweak corrections of O(G F M 2 t ) have also been evaluated. This part of the correction arises from all diagrams, which contain a top quark coupling to a Higgs particle or would-be Goldstone boson. The final expression results in a re-scaling factor to the top quark loop amplitude, given by [8] 
where e t,b are the electric charges of the top and bottom quarks, The effect is enhancement of the photonic decay width by less than 1%, so that these corrections are negligible at most circumstance. For SM4, one need to add contributions from the fourth generation quarks, t ′ and b ′ , and charged lepton l ′ . The leading contribution to the decay of the Higgs boson into two gluons is generated at the one loop level by heavy quarks, with the main contribution coming from top quarks and a small contribution from bottom quarks for SM3. At the leading order, the partial decay width reads [9] 
Here
2 Q for a heavy quark Q. The form factor A H 1/2 (τ Q ) is similar to that for heavy fermion contribution to the H → γγ case.
The calculation of the next leading order (NLO) QCD correction in the full massive case has been performed in Ref. [10] where the rather complicated analytical expressions can be found. The total correction can be cast into the form
and one obtains for the correction factor
where µ is the renormalization point which is about the Higgs mass and defines the scale of α s . The first three terms survive in the limit of large loop masses while ∆E H vanishes in this limit [11] . The QCD radiative corrections turn out to be quite important, nearly doubling the gluonic partial decay width. In the mass range M H ≤ 2M W , the QCD corrections leading to an increase of the partial width by 70%. The electroweak corrections of O(G F M 2 t ) to the gluonic decay width, which are mediated by virtual top quarks, have also been calculated. The final result leads to a simple rescaling of top quark amplitude, given by [12] 
They enhance the gluonic decay width by about 0.3% which is negligible. In the case of a 4th family of heavy quarks with degenerate masses, each heavy quark amplitude should be re-scaled in the form [12] With the above information, we can now compare the SM3 and SM4 predictions [14] for H → γγ and also σ(SM ) = σ(pp → HX) SM Br(γγX) SM . The cross section σ(SM ) gauges how many Higgs boson are produced and subsequently decay into γγ. It is proportional to Γ(H → gg)Br(H → γγ). For SM4 predictions, one needs to know the fourth generation fermion masses. The current searches at the LHC have set the fourth generation masses to be larger than 490 GeV [13] . We will study the effects of the fourth generation mass above the current limit to 1 TeV for illustration. Our results are shown in Figs. 1 to 3 .
In Fig. 1 , we show the ratio Γ(H → γγ) SM4 /Γ(H → γγ) SM3 . The partial width in SM3 for Higgs boson mass in the range between 114 GeV to 130 GeV is in the range 0.003 GeV to 0.005 GeV. We see that the SM4 is suppressed, but the cancellation is not complete. The suppression factor is above 0.25 ∼ 0.55. This suppression does not mean that the SM4 Higgs is more difficult to search at the LHC compared with SM3 using H → γγ. One should also consider the productions for H at the LHC.
The main mechanism for Higgs productions at the LHC pp collider is gg → H. Compared with SM3, the SM4 is approximately enhance be a factor of 9. The enhanced production of Higgs boson for SM4 can over take the suppression for H → γγ and end up with comparable σ(SM 3 ) and σ(SM 4 ). To obtain σ(SM ) = σ(pp → HX) SM Br(H → γγ) SM , one needs to obtain the total Higgs boson decay width Γ(total) SM for SM3 and SM4 to make a detailed comparison. We show in Fig. 2 . the SM4 branching ratios and the ratio of the total branching ratios. In the Higgs boson mass range between 114 GeV to 130 GeV, the one loop contribution for H → gg is non-negligible for SM3 as can be see from Fig. 2a . For SM4, H → gg contributes roughly one third of the total decay width. This leads to Γ(total) SM4 /Γ(total) SM3 ∼ 1.5 ∼ 1.6 as can be seen from Fig. 2b . The enhanced total Higgs boson decay width for SM4 reduces the branching ratio for H → γγ.
Combining these results, we finally obtained the ratio σ(γγ, SM 4 )/σ(γγ, SM 3 ) in Fig.3 . We see that the ratio of event numbers of H → γγ for SM3 and SM4 is only about 1.5 to 2.5. This in principle can be used to distinguish Higgs boson from SM3 from that from SM4. However, at the present the statistics is not good enough to claim that the indication of Higgs boson of a mass around 126 GeV to be from SM3. More data is needed. Besides having more statistics for H → γγ, one can also combine other methods to further distinguish whether the Higgs boson is from SM3 or SM4. Compared with SM3, SM4 has larger H → gg which will enhance the hadronic decay modes for Γ(total) SM4 . Therefore the total Higgs boson decay width can be used to distinguish the models. This may be achieved with more statistics. A more direct one can be from H → ZZ * → 4l. This channel has also been analyzed at ATLAS and CMD [5] which support the Higgs boson evidence with the same mass from H → γγ. Again the statistics at present still cannot claim the discovery of Higgs boson. In SM4, the enhancement for H → ZZ * → 4l is larger compared with that for H → γγ. This is because that the decay width for H → ZZ * is not changed for SM3 and SM4 to the leading order. One would naively think that the event rate in this case should be enhanced by a factor of 9 for SM4, the same enhancement factor for Γ(H → gg). However, one should also consider the enhancement to the total decay width. It is σ(ZZ * , SM ) = σ(pp → HX)Br(H → ZZ * ) which determines the event rate. In Fig. 4 , we show the ratio σ(ZZ * , SM 4 )/σ(ZZ * , SM 3 ). We see that there is a factor of 5 only enhancement for SM4 compared with SM3. Currently the exclusion range for SM4 Higgs boson is from 120 GeV to 600 GeV at 95% c.l.. At higher confidence level, a 125 GeV cannot be conclusively ruled out at present. To completely close the window more statistics is needed. The LHC data from next year can provide more definitive conclusions about the existence of Higgs boson, and whether it is from SM3 or SM4 if it is found. Acknowledgement: This work was supported in part by NSC, NCTS, and NNSF.
